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Technical representation in long-term planning 
models 
Technical representation: 
Plant-level constraints: minimum operating point, ramp rates, etc. 
System-level constraints: operating reserve requirements 
 
 
Main research questions: 
What is the relevance of incorporating detailed technical constraints in 
planning models? 
 
Can we represent the impact of technical constraints in a reduced 
formulation? 
What is the impact of each specific constraint? 
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Methodology 
 
 
 
 
 
Limited level of technical detail: 
No technical constraints at all: merit-order dispatch (MO) 
Specific technical constraints not considered 
Reduced formulation 
 
Reference: investment model with integrated clustered unit commitment 
constraints 
High level of technical detail (integrated 
clustered unit commitment constraints) 
Power-system optimization model 
Output: 
 
 
 
 
 
 
Installed capacities 
Investment related costs 
Projected operational costs 
Limited level of technical detail 
Power-system optimization model 
Output: 
 
 
 
 
 
 
Installed capacities 
Investment related costs 
Projected operational costs 
Error in projected 
total system cost 
Impact on capacity mix 
Meus, J., Poncelet, K., and Delarue, E. Applicability of a clustered unit 
commitment model in power system modeling. IEEE Transactions on 
Power Systems PP, 99 (2017), 1–1 
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Methodology 
Impact technical constraints dependent on: 
 the capacity mix: 4 scenarios 
 
 
 
 
 
 
the available flexibility: 
4 cases: 
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Methodology 
Technical constraints dependent on: 
 the capacity mix: 
 
 
 
 
 
the available flexibility: 
4 cases: 
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Methodology 
German system 
 
8 representative weeks 
 
Greenfield model for 2050 
 
No grid constraints considered 
 
Reserve sizing taken from NREL’s Resource Planning Model: 
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Results: a) relevance of incorporating technical 
constraints in planning models  
Conclusions: 
In most cases, technical 
constraints have a limited 
impact on projected 
system costs and capacity 
mix 
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Results: a) relevance of incorporating technical 
constraints in planning models  
Conclusions: 
In most cases, technical 
constraints have a limited 
impact on projected 
system costs and capacity 
mix 
 
Exception 1: whenever no 
storage, inflexible power 
plants (and high IRES 
penetration) 
Value of flexibility extremely 
high -> unrealistic 
Recommendation: consider 
different sources of flexibility 
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Results: a) relevance of incorporating technical 
constraints in planning models  
Conclusions: 
In most cases, technical 
constraints have a limited 
impact on projected 
system costs and capacity 
mix 
 
Exception 1: whenever no 
storage, inflexible power 
plants (and high IRES 
penetration) 
Value of flexibility extremely 
high -> unrealistic 
Recommendation: consider 
different sources of flexibility 
 
Exception 2: investments in 
storage technologies 
Flexibility of power plants 
high impact, particularly on 
investments in batteries 
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Considered constraints: 
MUDT: minimum up and down time 
SC: start-up costs 
PLEL: part-load efficiency losses 
MSOP: minimum stable operating point 
RAMP: ramping constraints 
RES: reserve requirements 
Results: b) impact of neglecting specific constraints 
Conclusions: 
MUDT: ~no impact 
 
SC: significant but limited impact across 
scenarios and cases 
 
Reserve requirements: can have a high 
impact on costs, but should not (but 
important for investments in storage): 
Recommendation: allow other 
sources of flexibility to provide 
reserves 
Warning: assumptions regarding 
sizing and activation time of reserves 
can have a strong impact 
 
Impact of ramping constraints and 
minimum stable operating point, and 
part-load efficiency losses directly 
related to provision of reserves 
 
Ramping constraints: only relevant for 
the provision of reserves. Hourly 
ramping constraints never binding 
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Results: c) Reduced formulation 
Consider different levels of technical detail: 
REF: all constraints, integer commitment variables 
 
RELAXED =  REF + continuous commitment variables 
 
STRIPPED = RELAXED + no MUDT + no hourly ramping constraints + 
combined reserve categories 
 
REDUCED =  STRIPPED + no start-up or shut-down range (drop variables 
𝑛𝑠𝑢𝑡 , 𝑛
𝑠𝑑
𝑡) 
 
SIMPLE = REDUCED + no commitment variables (𝑛𝑜𝑛𝑡) + no start-up costs 
Optimistic estimation of ramping capability and head room based on generation 
level 
 
MO: no technical constraints 
Increasing 
technical 
detail 
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Results: c) Reduced formulation 
Conclusions: 
 
Simplified formulations can 
accurately approximate full UC 
sufficiently accurate 
Sufficiently: given uncertainty 
regarding cycling characteristics 
 
No need for integer variables in 
planning models 
 
Data uncertainty 
Simplified formulation 
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Results: c) Reduced formulation 
Conclusions: 
 
Simplified formulations can 
accurately approximate full UC 
sufficiently accurate 
Sufficiently: given uncertainty 
regarding cycling characteristics 
 
No need for integer variables in 
planning models 
 
Computation time can be 
strongly reduced 
But remains an order of 
magnitude higher than not 
incorporating technical 
constraints (REDUCED 
formulation) 
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Conclusions 
Relevancy of incorporating technical constraints in planning models: 
Significant but small impact on cost projections 
Small impact on capacity mix, exception storage technologies 
 
Simplified formulations of technical constraints 
Capable of accurately approximating full UC problem 
Strongly reduce computational cost 
 
 Warnings/recommendations: 
Other sources of flexibility must be considered when incorporating technical 
constraints in planning models, also for the provision of reserves 
Strong assumptions made on reserve sizing, activation time of reserves and 
ability of alternative sources of flexibility to provide reserves 
Can strongly impact results 
More research required  
 
